Background--Both supervised exercise (SE) and stenting (ST) improve functional status, symptoms, and quality of life compared with optimal medical care (OMC) in patients with claudication. The relative cost-effectiveness of these strategies is not well defined.
L ower extremity peripheral arterial disease (PAD) affects 8.5 million Americans aged >40 years and >10% of the population aged >70 years, with incidence that is rising. [1] [2] [3] PAD reduces functional status, impairs quality of life (QOL), and results in substantial morbidity and mortality, both directly and through its strong association with systemic atherosclerosis. 4 In addition to these clinical concerns, PAD treatment also generates substantial costs for the healthcare system. 5, 6 Several treatments, including medical therapy, 7 revascularization procedures, 8, 9 and structured exercise, 10, 11 have been shown to reduce claudication symptoms and improve exercise performance and QOL in PAD patients. Data on the comparative effectiveness of these treatments are limited. 12, 13 The Claudication: Exercise Versus Endoluminal Revascularization (CLEVER) trial recently demonstrated that, for patients with claudication due to aortoiliac PAD, both a directly supervised exercise (SE) program and iliac stenting (ST) improve walking performance and QOL to a greater extent than medical therapy at 6 14 and 18 months (Tim Murphy, MD, unpublished data, 2014). To better inform policy and clinical decisions regarding treatment options in this patient population, we conducted a preplanned health economic study alongside the CLEVER trial.
Methods
The design and initial clinical results of the CLEVER trial have been reported previously. 14, 15 In brief, patients with moderate to severe claudication due to aortoiliac disease were randomized at a 2:2:1 ratio to receive iliac ST plus optimal medical care (OMC), SE plus OMC, or OMC alone. Iliac ST was done using standard techniques and stents approved by the US Food and Drug Administration. The SE program consisted of 3 directly supervised 1-hour sessions per week for 26 weeks, supplemented by a subsequent 12-month telephone-based program designed to maintain adherence to exercise (calls twice per month for 6 months and then once per month for 6 months). All patients were treated with optimal medical therapy including cilostazol. Clinical follow-up was continued for a total of 18 months. The study was approved by the institutional review committee at each enrolling site, and all patients provided informed consent.
Overview and Key Assumptions
Our economic evaluation was performed from a US societal perspective and included an in-depth evaluation of QOL, resource utilization, and hospital billing data through 18 months. Key methodological assumptions were based on recommendations from the US Panel on Cost-Effectiveness in Health and Medicine. 16 Clinical benefits are expressed in quality-adjusted life-years (QALYs), and all costs are expressed in 2011 US dollars. Although there were no differences in mortality or other major clinical events at 18 months, persisting QOL differences were observed between groups (see Table A1 ). Accordingly, our base case analysis included the creation of a Markov model that was used to project costs and quality-adjusted survival over a 5-year time horizon, inclusive of the 18-month in-trial period.
Analysis Population
CLEVER enrolled 111 patients in the 3 treatment groups, 98 of whom had complete clinical and economic follow-up through 6 months. 14 All in-trial portions of our analysis were based on those 98 participants because the 13 participants who withdrew or were lost to follow-up within the first 6 months had very limited clinical and health economic follow-up after enrollment.
Assessment of QALYs
Patients completed EQ-5D questionnaires 17 at baseline and at 6 and 18 months. Raw item responses on the questionnaires were converted to health state utilities based on an algorithm derived from a previous sampling of the US population. 18 For each patient, QALYs from 0 to 6 and 6 to 18 months were calculated by multiplying observed survival duration by utility. For each interval, the transition between health states was assumed to occur at the midpoint of the interval, with the exception of the 0 to 6 month interval in the ST group. We assumed, based partly on previous literature, 9 that QOL changes after ST would be more immediate than those observed with SE. Consequently, we set utilities for ST patients to their 6-month value beginning 1 month after the intervention.
We observed an unexpected imbalance in the baseline EQ-5D utility scores (see Table 1 ), with mean values highest in the ST group and lowest in the OMC group. To account for this, we assigned the mean baseline utility of the entire study population to each of the 3 study groups in our base case model. Subsequent changes in OMC group utility scores over time were based on the observed changes from baseline within that group, derived from paired t tests. The differences in 6-and 18-month utility scores for the other 2 groups, relative to OMC, were then based on linear regression models of utility at those time points, adjusting for baseline scores.
We assumed in our base case model that the utility differences between groups would gradually diminish such that no difference would be present at 5 years (owing to disease progression, restenosis, and/or loss of an exercise training effect); this was achieved by gradually decreasing the 18-month utility values for the ST and SE groups to match the 18-month value for the OMC group at year 5. Because the true durability of QOL benefit after ST and SE is unknown for this population, we varied the time over which utilities would equalize from 2 to 10 years in sensitivity analysis. We also explored scenarios in which the durability of the treatment effect provided by ST is longer than that provided by SE. Given that survival, QOL, and costs were assumed to be equal for all groups after 5 years, our base case analysis is conceptually equivalent to a model with a lifetime horizon.
Estimation of Costs
Costs were estimated during the in-trial period using a combination of resource-based accounting and hospital billing data. 19 For all iliac stent procedures, procedural costs were calculated by multiplying measured units of resource consumption (guidewires, catheters, percutaneous transluminal angioplasty balloons, stents, vascular closure devices, intravascular ultrasound, specialty catheters, and procedure duration) by unit prices derived from 2 study hospitals. The remaining costs of the iliac ST encounters were derived from hospital bills for the 72% of patients who had complete billing data available. In those cases, nonprocedural charges were converted to costs using cost centerspecific cost:charge ratios obtained from each enrolling hospital's Medicare cost report. When hospital bills were unavailable, nonprocedural costs were estimated with a linear regression model derived from the patients with complete billing data. The costs of the SE program were estimated for both the individual participants and the facilities. At the patient level, the actual number of sessions attended and the estimated travel time to and from each session were measured. The participants' time cost for participation in the program was calculated as the total time spent in SE participation multiplied by the nominal US wage rate. 20 The facility costs for the SE program were estimated and varied in sensitivity analysis. For our base case, we assumed facility costs of $40 per hour, based on a detailed analysis of cardiac rehabilitation costs at 3 programs in 2 cities. This cost is similar to current Medicare reimbursement for cardiac rehabilitation with ECG monitoring (CPT code 93798). For sensitivity analysis, we used a lower bound of $19 per hour, which is the current valuation for PAD rehabilitation (CPT code 93668), and an upper bound of $60 per hour (50% more than the base case). We also included an estimate of the costs for the professional time expended on telephone maintenance for each participant in months 6 to 12.
The costs of cardiovascular hospitalizations during the 18-month follow-up period were obtained from hospital summary bills, which were available for 86% of observed admissions. Charges were converted to costs using department-specific cost:charge ratios. Costs for the small number of cardiovascular hospitalizations without available billing data were estimated based on average national Medicare reimbursement for the most likely diagnosisrelated groups (Medicare Provider Analysis and Review).
During the 18-month trial period, resource utilization data were collected on a quarterly basis for PAD-related outpatient care, residential care, and medications. Costs for these items were estimated by multiplying resource measures by representative unit costs, generally based on Medicare reimbursement. Prescription drug costs for cilostazol and clopidogrel were included based on average wholesale prices. Other drug classes did not differ in utilization among the CLEVER study arms and were not included.
Total costs for each group were aggregated into intervals of 0 to 6 and 6 to 18 months. In our base case (5-year) model, the empirically derived costs were used through 18 months, with the assumption that costs would be evenly distributed across months 6 to 18 within each group. Because there were minimal differences between groups in total costs during months 6 to 18, we assumed that monthly costs thereafter would be the same for each group. 
Statistical Analysis
Categorical data are reported as frequencies, and continuous data are reported as meanAESD. Discrete variables were compared by Fisher exact test. Cost data are reported as both mean and median values and were compared by 2 sample t tests, given our focus on comparing mean costs between groups (rather than the underlying distributions). All probability values were 2-sided. Between-group differences in costs and QALYs were estimated for the 18-month in-trial period using bootstrap resampling.
Cost-Effectiveness Model
Using the health state utility and cost data from the 18-month in-trial period, we developed a Markov model to project results over a longer time horizon, using the assumptions regarding longer term QOL and costs described above. The model used a 1-month cycle length and was programmed using TreeAge Pro software (TreeAge Software). All future costs and benefits were discounted at 3% per year in accordance with US methodological standards. 21 The model included a background mortality rate for patients with PAD reported from the Reduction of Atherothrombosis for Continued Health (REACH) registry. 22 Because only 1 death was observed during the trial, there was no basis for differing the background mortality rate between groups. We performed sensitivity analyses on the hourly facility cost for an SE program, the time course over which QOL differences between groups were assumed to dissipate, and the durability of ST relative to SE in terms of health state utilities. To assess uncertainty in our results, we also performed a probabilistic sensitivity analysis of our base case model by replacing all model inputs with probability distributions and sampling from those distributions over 1000 model iterations. 23 The results of the probabilistic sensitivity analysis were then plotted as a cost-effectiveness acceptability curve. 24 We also considered the impact of ignoring the time costs for patients to participate in the SE program; this would be the case in an analysis from the perspective of a third-party payer or health system.
Results

ST and SE Costs
As previously reported, CLEVER enrolled 111 patients, 98 of whom completed 6-month follow-up and form the basis for the current analysis. The mean ankle-brachial index of the target limb for all patients was 0.67 and did not differ across treatment groups. Of the 41 participants in our analysis assigned to ST, 38 completed iliac ST procedures. The mean preintervention stenosis severity for all treated lesions was 83.5%. Mean encounter costs for these 41 patients (including 2 patients who underwent only angiography and 1 who had no procedure) were $9211AE4778, including physician fees. A slight majority of the procedures entailed overnight observation; the mean length of stay was 0.8AE0.8 days (median 1).
Patients in the SE group completed a mean of 56AE24 (of 78) exercise visits, and 36 patients participated in a mean of 11AE5 (of 18) telephone counseling sessions during the maintenance phase. Using our base case assumptions, the mean total cost for the SE program was $4447AE2017 per patient (median $5069), of which $2067AE1016 (median $1997) was attributable to the time cost to the patients.
Follow-up Resource Utilization and Costs
Inpatient and outpatient healthcare resource utilization through the 18-month follow-up period did not differ among the 3 groups, as shown in Table 1 . Overall, <10% of patients in each group had a cardiovascular hospitalization or underwent nonprotocol revascularization procedures or diagnostic testing for PAD.
Healthcare costs for the 0-to 6-month and 6-to 18-month periods are shown in Tables 2 and 3 . During this time frame, there were no major differences between groups in overall 
Quality-Adjusted Life Expectancy
EQ-5D scores at baseline and at 6 and 18 months, along with adjusted between-group differences, are shown in Table 4 . At baseline, the mean EQ-5D score for the full population was 0.72; mean values were highest in the ST group and lowest in the OMC group. Within the ST and SE groups, EQ-5D scores increased by 0.06 to 0.08 from baseline to 6 months (P<0.05 for paired comparisons within both groups) and did not change significantly between 6 and 18 months. Utilities in both the SE and ST groups were roughly 0.07 to 0.10 higher than in the OMC group at 6 and 18 months after adjustment for baseline values. QALYs through 18 months, based on the observed data, were 1.04AE0.24, 1.16AE0.15, and 1.20AE0.20 for the OMC, SE, and ST groups, respectively (P<0.05 for both SE versus OMC and ST versus OMC). In our base case model, which adjusted for the baseline difference in utility scores and incorporated background mortality and 3% discounting, 18-month QALYs were 1.05, 1.14, and 1.16, respectively (Table 5 ).
Cost-Effectiveness
Under our base case assumptions, with a 5-year time horizon, the SE strategy increased quality-adjusted life expectancy compared with OMC by 0.19 QALY, whereas ST resulted in an additional gain of 0.04 QALY compared with SE. Over the same time frame, OMC was the least costly approach. SE increased costs by %$4500 relative to OMC, and ST increased costs by an additional %$5000 relative to SE ( Table 5 ). The incremental cost-effectiveness ratios (ICERs) for SE versus OMC and ST versus OMC at 5 years (the point at which QOL was assumed to equalize) were $24 070 per QALY gained and $41 376 per QALY gained, respectively. The ICER for ST versus SE at 5 years was $122 600 per QALY gained.
Sensitivity and Uncertainty Analyses
The result of our primary sensitivity analysis on the duration of QOL benefit is shown in Figure 1 . As expected, both SE and ST became more cost-effective relative to OMC the longer the differences in QOL were assumed to persist. The ICER for SE versus OMC was <$50 000 per QALY, even if the QOL difference between groups lasted no more than 18 months. The ICER for ST versus OMC became <$50 000 per QALY gained if the QOL benefit persisted at least 3.75 years. If QOL beyond 18 months was assumed to decrease more slowly for ST than SE, then the ICER for ST versus SE became more favorable than in the base case. It is possible, in fact, to project scenarios in which ST would be preferred under the principle of extended dominance (ie, the effectiveness of ST was greater than that for SE, whereas the ICER for ST versus OMC was lower than the ICER for SE versus OMC). If utilities for the ST and OMC groups, for example, were assumed to equalize at 5 years (as in the base case) but SE and OMC equalized after only 3 years, the ICER for ST versus SE decreased to %$51 000 per QALY gained. Alternatively, if there was no decrement in utilities at 5 years after ST and the treatment effect of SE over OMC persisted for less than 49 months, ST would be preferred (Figure 2 ). OMC indicates optimal medical care; QALYs, quality adjusted life years. *Based on Markov model, adjusting for baseline differences in utility and incorporating background mortality and 3% discount rate. In these scenarios, the health state utilities for ST and SE are assumed to become equivalent to OMC after the number of years shown on the x-axis (base case=5 years). OMC indicates optimal medical care; QALY, quality-adjusted life-year; SE, supervised exercise; ST, stenting.
When the facility costs of SE were assumed to be $19 per hour (roughly half of our base case estimate), the ICER for SE versus OMC improved to $17 834 per QALY gained at 5 years, whereas the ICER for ST versus SE increased to $152 225 per QALY gained. In contrast, when the facility costs for SE were assumed to be $60 per hour, the ICER for SE versus OMC increased to $30 024 per QALY gained and the ICER for ST versus SE decreased to $94 315 per QALY gained.
The probability that each treatment option is costeffective across a range of willingness to pay thresholds, based on probabilistic sensitivity analysis of our base case model, is shown in Figure 3 . At very low ICER thresholds (< $20 000 per QALY gained), OMC was the preferred option from a health economic perspective. In the range of %$30 000 to $80 000 per QALY gained, there was at least a 60% likelihood that SE would be the preferred option. At thresholds above %$120 000 per QALY gained, a slightly greater proportion of model iterations favored ST than SE.
If patient time costs for participating in the SE intervention were excluded from the base case analysis (as in a payer or health system perspective), the 5-year ICER for SE versus OMC became slightly more favorable at $13 080 per QALY gained, and the ICER for ST versus SE became less favorable at $177 051 per QALY gained.
Discussion
In this preplanned health economic analysis of the CLEVER trial, we found that both SE and ST increased overall health care costs and improved quality-adjusted life expectancy Figure 2 . Sensitivity analysis on the relative durability of QOL benefits. ICERs for ST vs SE are plotted on the y-axis with varying assumptions about the durability of QOL benefit for each relative to OMC. The 3 lines represent 3 scenarios for ST: no decline in QOL over 5 years, a 50% decline, or full decline to the level of OMC. The number of months at which QOL with SE becomes equal to OMC is plotted on the x-axis. For each ST scenario, a threshold can be defined at which ST is economically preferable to SE based on extended dominance (dashed line). ICERs indicates incremental cost-effectiveness ratios; OMC, optimal medical care; QALY, quality adjusted life years; QOL, quality of life; SE, supervised exercise; ST, stenting. case assumptions, all model parameters were replaced with probabibility distributions that were sampled independently over many model iterations. The probability that each option would be preferred at a given willingness-to-pay threshold is plotted across a range of such thresholds. OMC indicates optimal medical care; SE, supervised exercise; ST, stenting.
relative to OMC, with ICERs for both treatments of <$50 000 per QALY gained relative to OMC over a 5-year time horizon. The incremental QALY gain for ST relative to SE in the CLEVER trial was small and uncertain over 18 months, whereas ST increased costs relative to SE by about $5000 per patient. Consequently, the cost-effectiveness of ST relative to SE was uncertain and would most likely represent high value 25 only if the treatment effect of ST were more durable than that of SE. There are few randomized studies assessing the comparative effectiveness and cost-effectiveness of therapies for claudication. Previous health economic models based on syntheses of mostly nonrandomized data have suggested that endovascular intervention is likely more expensive than exercise therapy, with inconsistent findings regarding effectiveness and cost-effectiveness. 26, 27 A previous single-center trial 13 randomized 151 patients with claudication due to iliac or femoropopliteal stenosis to endovascular revascularization or a 24-week SE program. In a health economic analysis of that trial, 28 endovascular intervention was found to be more expensive (by %€2300 per patient) than SE and was associated with only slightly higher EQ-5D scores and, hence, QALYs (point estimate of 0.01 QALY gained). The authors concluded that endovascular intervention was not a good value relative to SE. CLEVER is the only randomized trial to have directly compared SE and ST with OMC and thus provides the only empirically derived estimates of cost-effectiveness among these strategies. Consistent with previous reports from the CLEVER trial, our analysis clearly indicates that both SE and ST improve QOL at 6 months 14 and that these improvements persist for at least 18 months (Table A1) . With relatively conservative assumptions about the projected durability of QOL benefit beyond 18 months, both SE and ST appear to provide these benefits at reasonable incremental costs from a US societal perspective. Uncertainty remains about whether ST increases QALYs by a meaningful amount relative to SE. In CLEVER, although maximum walking distance was improved to a greater degree with SE than with ST at 6 months, improvement on a number of disease-specific QOL measures was greater with ST than with SE. A potential interpretation of these findings is that ST relieves claudication either more quickly or completely than SE. 29 However, there were no statistically significant differences between generic QOL measures (SF-36 or EQ-5D) at 6 or 18 months, as seen in 1 prior randomized study. 28 The small difference in QALYs between ST and SE (0.02 at 18 months; 0.04 at 5 years) in our analysis emerges in part because of the assumption that QOL improves more quickly after revascularization than with exercise. Although early QOL data were not assessed in CLEVER, we believe this assumption is justifiable, given that a previous randomized trial reported a significantly higher clinical success rate (defined as a ≥1-step improvement in Rutherford scale after treadmill walking) for ST versus SE within 1 week after initiation of treatment 13 and that a recently reported study found >1-month improvements in QOL for the combination of ST plus SE compared with SE alone. 30 Although ST may improve QOL to a greater extent than SE, our analysis suggests that the cost-effectiveness of this approach is uncertain. Although the ICER for ST versus SE was >$100 000 per QALY in our base case analysis, the ICER clearly would be more favorable if ST provided a more durable treatment effect than SE. Indeed, our model suggests that with a difference of >1 year in the duration of QOL benefit, the ICER for ST versus SE would fall well below $100 000 per QALY gained. Additional factors suggest that ST might provide reasonable or even high value to relative to SE: improved disease-specific QOL with ST; the potential preference on the part of patients for more rapidly acting treatment effects; the results of our probabilistic sensitivity analysis, which indicates significant uncertainty regarding the preferred strategy at higher willingness-to-pay thresholds; and the possibility that the trial, by requiring patients to accept randomization of their treatments, systematically enrolled patients with weaker treatment preferences than might be found in the general population of patients with claudication.
Our findings have important implications for coverage and reimbursement policies. Peripheral arterial ST in patients with claudication is widely available. At present, the Medicare program covers cardiac rehabilitation programs nationally following acute myocardial infarction or coronary artery bypass grafting and recently extended coverage to patients with chronic heart failure, but Medicare has no national coverage policy establishing access to SE programs for claudication. In the current analysis, we found that SE would be cost-effective relative to OMC even if the facility costs were 50% greater than the current reimbursement for cardiac rehabilitation with ECG monitoring-and this is before taking into account that a substantial portion of the intervention's "cost" is borne by the patients (in terms of their time). Given the increased expense and marginal benefits of ST relative to SE, there would appear to be no rational justification for covering ST but not SE for the treatment of claudication.
Our analysis should be interpreted with several important limitations in mind. CLEVER enrolled a small sample of patients and lacked the statistical power to detect small differences between groups, a fact that particularly hinders the comparisons between ST and SE. Many more patients were screened for CLEVER than enrolled. Consequently, the enrolled patients may not well represent the full universe of patients with aortoiliac disease and claudication, and the excellent results with SE observed in the trial may not be easy to replicate in other settings. Other patients who declined to participate in the study could have had different pre-existing treatment preferences or symptomatology, and this could have affected our QOL results. QOL was measured at only 3 time points that were spaced rather widely apart; therefore, the time course of changes in QOL, particularly early after intervention, was not well defined. Although CLEVER had a longer follow-up duration than most previous studies in this area, the assessment of cost-effectiveness for the interventions under study requires projection over a longer time horizon than the trial, and that introduces further uncertainty into the results. As shown, differences in the durability of ST relative to SE could substantially alter the base case costeffectiveness estimates.
Finally, although by design the CLEVER trial evaluated SE and ST as mutually exclusive treatments for claudication due to PAD, ST and SE can certainly be combined in clinical practice.
Recently reported and perhaps future studies may help clarify the potentially synergistic effects of combining SE and ST. 30 
Conclusions
In this 18-month randomized trial, we found that both SE and ST are economically attractive by conventional US standards relative to OMC for the treatment of claudication due to aortoiliac stenosis. Because ST is more costly and provides marginal additional benefit over SE, SE may provide better value, at least in the short term. Longer term results are uncertain. In light of these findings, we believe that treatment guidelines and healthcare policy should be adjusted to ensure that patients have ready access to SE as an option for the treatment of aortoiliac claudication. 
22.7AE28.4 (41)
Results are shown using all available data. P values are based on analysis of covariance adjusting for study center, baseline cilostazol use, and baseline value of the end point. For each of these scales, higher scores indicate fewer symptoms or better quality of life. OMC indicates optimal medical care; PAQ, peripheral artery questionnaire; SE, supervised exercise; SF-12, short-form 12; ST, stent; WIQ, walking impairment questionnaire. *P values for change from baseline to 18 months are based on ANCOVA with adjustment for study center, baseline cilostazol use, and baseline score.
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